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Abstract 

 In this contribution, pyrazole is identified as an excellent anchoring group capable 

to form well-ordered Langmuir-Blodgett (LB) monolayers onto gold substrates. In 

contrast, formation of self-assembled (SA) monolayers is prevented due the extraction of 

gold atoms from the surface upon the incubation process required for the formation of these 

films. The electronic coupling strength of pyrazole-gold junctions is explored through 

evaluation of the electrical properties of LB films incorporating a double pyrazole 

terminated molecular wire, namely 1,4-bis(1H-pyrazol-4-ylethynyl)benzene, 1; these 

electrical properties are compared with those of molecules having a similar chemical 

structure, geometry and length. The conductance value for LB films of 1 is high when the 

monolayer is transferred from a Langmuir film prepared onto a basic subphase, 1.19·10-4 

G0, as it is more than four times larger than the conductance of the same compound 

incorporated on a LB film prepared from a water subphase, 0.27·10-4 G0. These results are 

interpreted in terms of the deprotonation of the pyrazole group in a basic media that leads 

to formation of the pyrazolate (deprotonated pyrazole) moiety. This results in a more 

efficient electronic coupling with the gold tip of the scanning tunnelling microscope used 

for the film characterization.  
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Introduction 

Molecular electronics strives not only towards the eventual use of molecules as 

functional elements for circuitry, but also towards their use in applications as diverse as 

energy (e.g. solar-energy harvesting, thermoelectric devices), nanochemistry (catalysis, 

single molecule reactions), and optoelectronics (single molecule OLEDs, use of 

illumination to control transport through the junction).1-6 In molecular electronics, the 

chemical structure of the molecule, the nature of the electrode and the surface chemistry 

operating between the molecule and the electrode are key factors, which can determine 

device functionality, reproducibility, processability, scalability, and yield in large area 

devices.7-9 Here the anchor group is recognized as a crucial element in the design of 

molecular devices. Recently, attention has been paid to multidentate anchoring groups that 

could provide enhanced chemical and “mechanical” stability as well as improved electronic 

coupling. By contrast, fluxional bonds are best avoided (e.g. the gold-sulfur contact which 

is the reason behind the observed variable conductance in thiol-gold junctions), preventing 

the movement of the molecules on the surface by dynamic formation and rupture of bonds 

between the anchor group and the metal atoms on the surface. Examples of multidentate 

anchoring groups include bidentate moieties such as dithiols,10-11 norbornyldithol,12 

carboxylic acids,13-14 dithiocarbamates,15 carbodithiolates,16 dithiocarboxylic acids,16 

tetrathialfulvalenes,17-18 phosphonic acids,19-20 pyrazole,21 2-aminepyridine,22 and 

cathecols.23 Multipodal platforms (i.e. molecules having several anchoring units) have also 

been explored under the same premises.24-32 Many of these studies employing multidentate 

molecules have been done at the single molecule level, but their assembly in large area 

devices and the determination of their ensemble electrical properties is a current topic of 

interest. 

Pyrazole is a 5-membered heteroaromatic ring incorporating two adjacent nitrogen 

atoms. In contrast with other heteroaromatic rings such as imidazole, the contiguous 

location of the two potential anchoring nitrogen atoms (pyridine-like and pyrrole-like 

nitrogens) of the pyrazole ring results in a prospective bidentate ligand. This facilitates the 

coordination to metallic centers situated at a short distance and makes this moiety 

particularly interesting as a surface binding group in molecular electronics. Additionally, 

the pyrazole moiety can act as a moderately weak acid (pyrrole-type nitrogen atom with 

proton-donor behaviour). Recently, we reported the unconventional single molecule 

conductance behaviour of a pyrazole-terminated molecular wire, 1,4-bis(1H-pyrazol-4-
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ylethynyl)benzene, Figure 1, hereafter denoted as 1.21 The pyrazole group attached to the 

bottom electrode was chemisorbed through a deprotonation process, whilst the opposite 

pyrazole group in contact with the scanning tunnelling microscope (STM) tip changed its 

protonation state and contact binding geometry during junction evolution. This resulted in 

a sharp increase in conductance during the retraction of the STM tip and junction 

stretching, as a result of a deprotonation.21 

The influence of the pH on the molecular conductance of metal-molecule junctions 

has been analysed only in a relatively few studies. Li et al.33 studied the conductance of 

two dyes, malachite green and pararosalaniline when the surrounding pH changed, 

constructing a switch predicated on pH actuating changes in the conjugation and electronic 

structure of the molecules. Dual control of molecular conductance under both an acid media 

and visible-light irradiation through a photoinduced proton-transfer (PIPT) strategy was 

also demonstrated.34 In another study of pH effects on molecular junctions, Brooke et al. 

modulated the conductance of 4,4′-vinylenedipyridine (44VDP) molecular junctions with 

Ni contacts both by the applied electrochemical gate voltage and by the pH of the 

solution.35 They observed that that the Ni|44VDP|Ni junction can operate as a pH-sensitive 

switch where the pH value at which conductance switching takes place could be electrically 

tuned. In addition, they reported the observation of proton transfer to and from a single 

molecule. On the other hand, conductance in large area molecular electronic devices could 

also be tuned by pH. Monolayers featuring carboxylic groups exhibited lateral 

intermolecular H-bonding, and these lateral interactions could be broken by deprotonation 

in a basic media which leads to H-bond cleavage and conductance enhancement in basic 

media.14 Electron transfer in molecules interacting through non-covalent interactions has 

also attracted interest under the premise that the molecular conductance can be switched 

ON and OFF by changing the solution pH.36 Wu et al.37 have demonstrated the formation 

of oligomeric chains of imidazole due to hydrogen bonding networks, promoted by the pH 

of the media, that resulted in efficient charge transport. Hydrogen bonding dynamics has 

also been studied using DNA base pairs, where H-bonding across molecular junctions was 

achieved.38-39 Pan et al.40 have described the role of pH in a mechanism for the creation of 

single molecule-metal junctions through a robust imidazolate-gold chemisorption. 

Recently, Ai et al.41 have studied the electrical properties of molecular junctions formed 

with pH-responsive supramolecular systems. They showed that the conductance of 
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cucurbit[7]uril (host) and melphalan (guest) supramolecular complexes decreased as the 

pH increased.  

The studies highlighted in the preceding paragraph collectively show that pH can 

be a valuable parameter in controlling molecular junctions. In this contribution, we explore 

how pH can be used to manipulate the electrical properties of compound 1, which is a 

double pyrazole terminated molecular wire. We have previous demonstrated that the 

pyrazole terminal groups of 1 can be used to anchor molecular wires in between gold 

contacts. We extend our previous work with compound 1 in three ways by demonstrating:  

(i) The straightforward construction of large area devices by the Langmuir-Blodgett (LB) 

technique. By using the LB method it is possible to avoid the extraction of gold atoms 

from the surface observed in the self-assembly (SA) method which is a consequence 

of the strength of the pyrazolyl-gold junctions (∼2 eV).21  

(ii) pH dependence of the conductance in monolayers of 1, i.e., by a pH change in the 

preparation of the Langmuir films, where the pyrazole or pyrazolate terminal groups 

result in monolayers with a different electrical response (Figure 1).  

(iii) Pyrazole forms robust molecular junctions with improved electronic coupling in large 

area devices. 

Experimental 

Compound 1 was synthesized as previously described.21, 42 1H-NMR (400 MHz, 

DMSO-d6, δ (ppm)): 7.95 (s, 4H), 7.47 (s, 4H), 6.14 (b, 2H).13C-NMR (100 MHz, DMSO-

d6, δ (ppm)): 136.6, 131.2, 122.5, 100.8, 89.2, 84.0. NMR spectra were recorded on a 

Bruker AV-400 (operating at 400 MHz for 1H and 100 MHz for 13C). These NMR spectra 

are available in the Supporting Information (SI), section 1. Elemental Analysis (EA) 

experimental (theoretical): %C 74.18 (74.40), %H 3.71 (3.91), %N 21.32 (21.69), 

performed in a Perkin-Elmer 2400, II microanalyser. MS: MALDI-TOF m/z: 258 (M+), 

performed using an ESI Bruker Esquire 300+, a MALDI+/TOF Bruker Microflex system. 

UV-vis spectra were recorded in a Varian Cary 50 Bio spectrophotometer.  

Langmuir films and Langmuir-Blodgett (LB) monolayers were fabricated in a 

NIMA 702 BAM and KSV Nima KN 2003 troughs with dimensions 720 x 100 mm2 and 

580 x 145 mm2, respectively, located at constant 20 °C in a clean room. A 2.5∙10-5 M 

spreading solution of 1 was freshly prepared in a solvent mixture of THF:CHCl3 (1:4 v/v) 

prior to each experiment. The subphases used were: pure water (Millipore Milli-Q, 18.2 
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MΩ·cm, pH = 5.6, i.e. slightly acid due to the solubility of the CO2 in the air and formation 

of H2CO3) and aqueous NaOH solution (pH = 11.0). Experimental conditions for the LB 

monolayers fabrication were: spread volume = 3 mL, 30 minutes for solvent evaporation, 

initial area per molecule = 1.5 nm2∙molecule-1, compression barrier speed = 6 mm·min-1, 

transference onto the solid support at 10 mN·m-1 (vertical dipping) and dipping speed = 2 

mm·min-1. Gold on glass substrates (from Arrandee™) were cleaned and flame annealed 

prior the transference of the Langmuir film. All samples were dried under a nitrogen 

stream.  

X-ray photoelectron spectroscopy (XPS) was performed in a Kratos AXIS 

ultraDLD spectrophotometer including a monochromatic Al K X-ray source (1486.6 eV) 

and a pass energy of 20 eV. XPS binding energies are referenced to the C1s peak at 284.6 

eV. Atomic Force Microscopy (AFM) images were registered in tapping mode using a 

Bruker Nanoscope V operating in ambient conditions in air. RTESPA-150 AFM probes 

from Bruker (90-210 kHz, and 1.5 - 10 N·m-1, nominal radius of 8 nm) were used. Images 

treatment and further analysis were performed on the Nanoscope off-line with software 

v.1.40. 

The electrical characterization of compound 1 within the LB monolayers was 

carried out by using a Keysight Technology 5500 scanning tunneling microscope (STM) 

microscope and controller with Picoscan 5.3.3 software, operating in air. Current (I) – 

distance (s), or I(s) calibration curves and I-V curves were recorded on different but 

identically prepared samples. This included recording such measurements across different 

areas of the same sample to ensure a reproducible behaviour (see SI, section 6). STM tips 

were prepared by electrochemically etching of commercial Au wires (99.99%, 0.25 mm 

diameter, Goodfellow) in a 1:1 solution of HCl:EtOH at approximately +7.0 V.  

Results 

 The self-assembly (SA) and the Langmuir-Blodgett (LB) techniques have been 

widely used for the fabrication of monolayers to build up large area devices in molecular 

electronics.43 In the SA technique, the molecule is first adsorbed to the substrate and full 

ordering of the molecule comes later as adsorption progresses, while in the LB method the 

compound is first organized in a Langmuir film at the air-water interface and this pre-

ordered film is subsequently transferred onto a solid substrate. However, in the case of 

compound 1, standard self-assembly leads to gold surface etching enabling the formation 
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of gold-pyrazolate complexes in solution which can be analytically detected (see SI, section 

3 for further details); therefore, the extraction of gold atoms from the bottom gold electrode 

upon the SA process prevents 1 from forming well-ordered monolayers by this 

methodology. In these circumstances, the Langmuir-Blodgett method is a powerful 

technique for the fabrication of high quality monolayers of compound 1 as demonstrated 

below.  

Langmuir films of 1 were prepared as described in the experimental section using 

two different subphases, namely pure water (pH=5.6) and a basic aqueous solution of 

NaOH (pH=11.0). Figure 1 shows the different behaviour of the surface pressure vs. area 

per molecule isotherms of 1 in these two subphases. Both the area at which the take-off 

takes place and the area per molecule at a certain surface pressure are larger for the isotherm 

recorded onto a basic subphase. This result is interpreted in terms of a deprotonation of the 

pyrazole group in a basic pH, resulting in an ionized monolayer in which the electrostatic 

repulsion between neighbour molecules results in a larger area per molecule.44 

Furthermore, the deprotonation of the pyrazole group in compound 1 when it is exposed to 

a basic media was confirmed by 1H-NMR experiments (see SI, section 2). Additionally, 

the surface potential vs. area per molecule isotherms were also recorded (Figure S6 in the 

SI), with these isotherms exhibiting a quite different behaviour for the monolayers formed 

either on a pure water or a NaOH aqueous solution. This result is also consistent with the 

deprotonation of 1 in contact with a basic subphase, which results in the formation of a 

negatively charged monolayer.  
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Figure 1. Molecular structure of 1,4-bis(1H-pyrazol-4-ylethynyl)benzene (1) and surface pressure 

vs. area per molecule for 1 recorded at 20 ºC onto aqueous subphases at the indicated pH. 

 Atomic force microscopy (AFM) images of monolayer LB films of 1 transferred at 

10 mN·m-1 from either a pH = 5.6 or pH = 11 subphase (Figure 2.b) show that 

homogeneous films are obtained (Figure S7 in the SI). The electrical properties of these 

LB films have been determined by using the so-called STM ‘‘Touch-To-Contact’’ method, 

abbreviated as the TTC method (see SI, section 6, for further details).45-47 In order to apply 

the TTC method, the thickness of the monolayer needs to be known in advance. In this 

case, the thicknesses of both LB films transferred from a water and a basic aqueous 

subphases were determined using the AFM tip lithography method, in which the tip is used 

to scratch the monolayer and determine its thickness, as described in the SI (Section 5). 

Accordingly, obtained thicknesses were 1.4 ± 0.1 nm and 1.6 ± 0.1 nm for the LB films 

prepared onto a water subphase and onto a basic subphase, respectively. Since the length 

of the molecule is 1.6 nm (as determined using Spartan®14), compound 1 has a tilt angle 

of ca. 29º measured to the surface normal in LB films suspended on pure water, while it is 

oriented vertically with respect to the substrate in films formed on top of a basic subphase. 

I-V curves of the monolayer LB films were recorded by the TTC method. In this 

method the STM tip just touches the monolayer and under such conditions single molecule 

contacts prevail, as shown by correspondence between values of TTC conductance and 

other single molecule methods for comparable molecular targets. In order to locate the 

STM tip just above the LB film, a calibration to determine the initial tip–substrate distance 

(s0) was carried out. For this, 20 current-distance (I(s)) curves were recorded at different 

substrate locations for each LB monolayer at I0 = 10 nA and Ut = 0.6 V. Under these 

parameters, the STM tip is located within the LB film for both samples according to 

Equation 1 and the thicknesses of the monolayers (see Figure S7). Curves selected for this 

analysis showed a simple exponential decay of the tunnelling current indicating that 

molecules were not bridging between the substrate and the STM tip (see Figure S8 in SI). 

Using these current-distance curves, the current decay (dln I/ds) within the monolayer of 1 

was determined by plotting ln I versus distance, s. Slopes of 7.2 ± 1.2 nm-1 and 5.6 ± 0.8 

nm-1 for films prepared at pH=5.6 and 11 respectively, were obtained. These decay values 

are in good agreement with values obtained for comparable conjugated compounds.22, 48-49 

Hence, by modifying the set-point current (I0) and maintaining the tip bias (Ut) it is possible 
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to pinpoint the STM probe touching the top of the LB monolayer film by using Equation 

1. 

𝑠 =
𝑙𝑛(𝐺0×

𝑈𝑡
𝐼0
)

𝑑𝑙𝑛(𝐼)/𝑑𝑠
         (1) 

where G0 = 2e2/h is the quantum of conductance, 77.5 S. 

Then, current–voltage (I–V) curves were recorded with the gold STM probe just in 

contact with the upper surface of the molecular monolayer film. Electrical characterisation 

entailed recording more than 400 I-V curves of 1 in monolayers prepared from both 

subphases, at pH=5.6 and pH=11. These curves were recorded from different regions of 

each sample, and from different samples prepared under the same experimental conditions 

to ensure reproducibility of the obtained results. Figure 2.b (right) shows the average I-V 

curves for each of the systems studied here. Conductance values were determined from the 

linear region in the average I-V curves (± 0.3 V). The electrical response of these two 

monolayers is very different, with conductance values of 0.27·10-4 G0 (pH=5.6) and 

1.19·10-4 G0 (pH=11), respectively. This means that the monolayer of 1 prepared in basic 

conditions shows a conductance value more than 4 times larger than the conductance of the 

LB film prepared in pure water. The different conductance of these two monolayers of 1 

prepared at different pH values in the Langmuir trough is attributed to the deprotonated 

pyrazolyl moieties arising from preparation with a basic subphase. The sodium pyrazolate 

at the STM tip-molecule contact results in more efficient electronic coupling and greater 

conductance (Figure 2.c).  
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Figure 2. a) General scheme for the fabrication of the LB monolayers. b) Left panel: AFM images of LB 

monolayers as transferred from a pure water subphase (blue colored corner) and from a basic subphase (green 

colored corner). Right panel: averaged I-V curves (from 421 and 481 I-V traces at pH=5.6 and pH=11, 

respectively) recorded using the TTC method for LB films of 1 LBMs onto a pure water subphase, pH=5.6 

(blue line) and onto a basic aqueous subphase, pH=11.0, (green line). c) Cartoon indicative of the chemical 

structure, orientation and conductance values obtained for LB monolayers of 1 transferred from aqueous 

subphases at pH = 5.6 (left) and pH = 11 (right). 

 

In our previous contribution reporting the electrical behaviour of compound 1 in 

single molecule studies two conductance values, namely 3.4∙10-4 G0 and 2.3∙10-4 G0 were 

obtained with current versus junction-stretching distance curves exhibiting a peak-shape 

event just before junction rupture, instead of the more commonly observed plateau-like 

features. This unconventional result was explained, in terms of the chemical nature of the 
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heterocyclic pyrazole ring, which can be either protonated or deprotonated in the junction 

depending on the molecule-tip geometry.21 It was shown that the binding geometry and the 

low-to-high conductance transition can occur as the molecular junction is stretched as the 

STM tip is retracted. This model was supported by computations of the junction 

conductance for different surface anchoring. In this contribution in which we describe the 

properties of compound 1 incorporated in a monolayer, interpretation of the electrical 

properties must consider the molecule not as a single entity but (i) surrounded by neighbour 

molecules and (ii) located in a fix position with a predetermined geometry and orientation. 

The larger tilt of compound 1 with respect to the normal to the surface in a monolayer 

prepared in a subphase of pH=5.6 in comparison with pH=11 (as illustrated in Figure 2.c) 

might be expected to result in a larger conductance (the top and bottom electrodes are 

closer)50 in the absence of other factors. This would be the likely expectation since more 

highly tilted conjugated molecular wires might generally be expected to couple more 

strongly to their electrode contact.50-51 Nevertheless, the contrary effect is experimentally 

observed here, i.e. the less tilted monolayer gives a higher conductance. This result 

indicates that other factors determine the electrical behaviour of these monolayers. As it 

occurs in the case of bis-COOH OPE derivatives14 (see Table I), deprotonation processes 

prevent H-bonding intermolecular interactions between neighbouring molecules of 

compound 1 assembled in films. This fact has two effects, the first one is an increase of the 

area per molecule in the LB films (probably due to the electrostatic repulsion of the 

negatively charged molecules) and, secondly, it induces a perpendicular arrangement of 1 

facing the gold substrate. Both facts determine the architecture of the molecules within 

monolayer, which could be also responsible of a more efficient coupling of the molecule 

with the bottom electrode, contributing to the higher values of the conductivity observed 

in the deprotonated LB sample. 

 A model for the conductance values discussed is further explored by examining the 

surface adsorption properties of the molecular layers formed by the LB technique using 

different subphase pH values. The XPS spectra of LB films of compound 1 prepared onto 

subphases of pH= 5.6 and 11, together with the XPS spectrum of the powder of compound 

1 were reported before in a contribution in which we studied the single molecule 

conductance of compound 1.21 In this study we demonstrated that when compound 1 is 

transferred from a pure water subphase the pyrazole group in contact with the gold substrate 

is deprotonated as expected for a chemisorbed film. However, the external pyrazole group 
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remains protonated. In contrast, when compound 1 is transferred from a basic water 

subphase the two pyrazole groups in the molecule are deprotonated (see cartoon in Figure 

2.c). The pyrazolate terminal group bears a negative charge – distributed between the two 

N atoms – which also enhances the binding ability of the pyrazolate group to the gold tip 

of the STM. 

To further confirm the results provided by the XPS, the UV-vis spectra of LB films 

incorporating compound 1 from a pH=5.6 and pH=11 were recorded. Figure 3 show a UV-

vis maximum absorption wavelength at 313 nm for LB films prepared onto a subphase of 

pH=5.6, which is shifted to 324 nm in films prepared in a pH=11 subphase. A shift in the 

UV-vis spectrum of compound 1 in solution towards larger wavelengths is observed after 

the addition of some drops of an aqueous solution of NaOH (from 315 nm to 334 nm). 

Such a bathochromic shift has been observed before52-53 for other pyrazole derivatives after 

deprotonation. Additionally, it is well-known that the pyrazole group has a large tendency 

to form NH⋅·⋅N intermolecular hydrogen bonds.54-56 Taken together, these results indicate 

that when the terminal group is in its pyrazole form (i.e. protonated) a less effective 

coupling of the molecule to the top-electrode (STM tip) results when compared with the 

direct strong chemical interaction between the ionized terminal pyrazolate group and the 

Au STM probe. Here it is also noted that when the top of the LB monolayer consists of the 

un-deprotonated pyrazole groups, these groups could associate through intermolecular 

hydrogen bonding. Such hydrogen bonding between neighbouring molecules in the 

pyrazole terminated LB films transferred from a water subphase could also lead to a less 

strong interaction with the STM tip as compared to a pyrazolate terminated LB film. This 

weaker interaction is attributable to the partial donation of electrons from the N atom of 

one molecule (pyridine-like nitrogen) to the H of the other molecule (H bonded to the 

nitrogen-like pyrrol) to form such H-bonds. 
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Figure 3. Left panel: UV-vis spectra of compound 1 in solution: (black) 10-5 M in THF:CHCl3 

1:4; (orange) after addition of 100 µL NaOH 5% (aq.); (magenta) after addition of 200 µL NaOH 

5% (ac.); (red) after addition of 400 µL NaOH 5% (aq.). Right panel: (black) molar absorptivity 

for compound 1 in a THF:CHCl3 1:4 solution; (blue) apparent molar absorptivity for compound 1 

in an LB film prepared from a water subphase, pH=5.6; (green) apparent molar absorptivity for 

compound 1 in an LB film prepared from a NaOH aqueous subphase, pH=11.0. 

The conductance value for the LB of compound 1 fabricated in basic conditions is 

remarkably higher than those of molecules with similar structures (molecular wires with 3 

aromatic rings) incorporated in monolayers assembled by the LB technique and 

characterized by the TTC method (Table I). This result further confirms an efficient 

electronic coupling between the pyrazole double anchoring group and gold. 

Table I. Comparison of conductance values for monolayers incorporating the indicated molecular wires as 

determined by the TTC method.  

Molecular Structure Conductance (Go) Monolayer 

thickness (nm) 

Reference 

 

 

0.26·10
-5 

(pH=5.6) 
1.75·10

-5 
(pH=11.4) 

1.81 ± 0.05 
1.95 ± 0.05 

14 

 

 
1.20·10

-5
 1.49 ± 0.04 57 

 1.37·10
-5
 1.77 ± 0.05 49 

 

 
3.90·10

-5
 2.02 ± 0.05 46 

 5.17·10
-5
 1.70 ± 0.05 48 
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6.20·10

-5 
1.6 ± 0.1 22 

 2.7·10
-5 

(pH=5.6) 
11.9·10

-5 
(pH=11.0) 

1.4 ± 0.1 

1.6 ± 0.1 
This contribution 

 

Conclusions 

In this contribution the difficulties encountered with the preparation of conventional 

self-assembled monolayers of a molecule with terminal pyrazole groups have been 

discussed. The poor self-assembly is attributed to extraction of gold atoms from the surface. 

In contrast, homogeneous LB monolayers of 1,4-bis(1H-pyrazol-4-ylethynyl)benzene can 

be fabricated and this is demonstrated for two different pH subphases. Electrical 

characterization of these LB films was achieved with the STM probe touching against the 

top of the monolayer. Monolayers prepared by the LB method with a pure water (neutral 

pH) subphase displayed significantly different structural and electrical behavior compared 

to those prepared with an alkaline subphase. A stronger electronic coupling between the 

gold STM tip and the terminal pyrazolate group in comparison with the pyrazole results in 

conductance values of 1.19·10-4 G0 (pH=11) and 0.27·10-4 G0 (pH=5.6), respectively. 

Importantly, these values are the comparatively largest conductance values recorded using 

the touch to contact (TTC) STM method for ordered LB monolayers of comparable 

compounds in terms of length and chemical structure. This result further demonstrates that 

pyrazole is a promising bidentate terminal group for the assembly of large area molecular 

electronic devices. 
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